Introduction
The end of the ХХ century saw the wide application, along with the classic semiconductor materials, silicon and germanium, of chalcogenide compounds А Х 4 compounds with valuable physical properties were found in these systems. The systematic study of the systems Сu 2 Se-HgSe-In 2 Se 3 [1] , Ag 2 Se-CdSeGa 2 Se 3 [2] , Cu 2 Se-CdSe-In 2 Se 3 [3, 4] revealed the formation of wide solid solutions of the binary, ternary and quaternary compounds. The layered quaternary compounds ∼Сu 1.4 HgIn 16. 6 Se 26.6 , Cu 0.6 Cd 0.7 In 6 Se 10 were reported for the first time in [1, 4] . The Ag 2 Se-CdSe-In 2 Se 3 system, which belongs to the А І 2 Х-В ІІ Х-С ІІІ 2 Х 3 group, has not been systematically studied. Its investigation in the entire concentration range is of interest, to determine the boundaries of the solid solutions and the existence of new quaternary compounds. The construction of vertical sections of the quasiternary system Ag 2 Se-CdSe-In 2 Se 3 and of its liquidus surface projection will allows us to determine the nature of the formation of the intermediate quaternary phases.
Experimental
The alloys were synthesized in quartz ampoules evacuated to a residual pressure of 0.1 Pa by gradual heating of the elementary components (purity of Ag -99.99 wt.%, In -99.999 wt.%, Se -99.9997 wt.%, Cd -99.999 wt.%) to a maximum temperature of 1200-1350 K, depending on the alloy composition. The homogenizing annealing was carried out at 820 K for 300 h. The obtained alloys were studied by X-ray diffraction and differential thermal analysis. The DTA curves were recorded using Pt/Pt-Rh thermocouples at a set-up of a Thermodent regulated-heating furnace and a H307-1 XY recorder. Powder X-ray diffraction patterns of all samples were recorded using DRON-3M and DRON-4-13 automatic powder diffractometers (CuK α radiation). Microstructure analysis utilized an MMU-3 microscope; microhardness was measured using PMT-3M and Leica VMHT AUTO microhardness testers.
Results and discussion

Bibliographic data on the quasibinary systems
The quasibinary system Ag 2 Se-CdSe
The complete phase diagram of the Ag 2 Se-CdSe system is presented in [5] . It is of the peritectic type with limited solid solubility of the components. The peritectic transformation point corresponds to the composition 62 mol.% CdSe and 1243 K. At this temperature the solid solution of the high-temperature (HT) cubic modification of Ag 2 Se extends from 0 to 68 mol.% CdSe. As the temperature decreases, the solid solubility of CdSe in Ag 2 Se narrows, and equals 10 mol.% at 823 K. The thermograms of all samples feature an effect that corresponds to the phase transition of Ag 2 Se at 413 K. The authors of [6] studied the solid solubility of Ag 2 Se in CdSe and determined that it equals 0.94 mol.% Ag 2 Se at 1063 K. The paper [7] reports the solid solubility of CdSe in Ag 2 Se as 68 mol.% CdSe at 1243 K and 2.5 mol.% CdSe at 688 K. 
The quasibinary system AgInSe 2 − CdSe
The system is quasibinary with limited solid solubility of the components [9] . The liquidus consists of the curves of primary crystallization of the α-solid solutions of the HT AgInSe 2 modification and of the γ-solid solutions of the wurtzite HT CdSe modification. The α-and γ-solid solutions exhibit a eutectic interaction L⇔α+γ; the coordinates of the invariant point are 10 mol.% CdSe, 1025 K. The γ-solid solution reaches 72 mol.% AgInSe 2 at the eutectic temperature; it decreases with decreasing temperature and extends to 43 mol.% AgInSe 2 at the annealing temperature. The extent of the α-solid solution range is 5 mol.% CdSe at the eutectic temperature; as the temperature decreases to 900 K, the range widens to 17 mol.% CdSe. A eutectoid decomposition α⇔α'+γ occurs at 900 K, where α' is the solid solution of the low-temperature (LT) modification of AgInSe 2 . The solid solubility of CdSe in the LT AgInSe 2 modification is maximum at the eutectoid temperature at ∼12 mol.% CdSe; it decreases to 4 mol.% CdSe at the annealing temperature (820 K). 
The vertical section Ag 2 Se-CdIn 2 Se 4
The section liquidus is represented by the curves of primary crystallization of the µ-and γ-solid solutions of the HT Ag 2 Se modification and the wurtzite modification of CdSe (Fig. 4) . The section crosses two quasiternary sub-systems, Ag 2 Se-CdSe-AgInSe 2 and AgInSe 2 -CdSe-In 2 Se 3 . Within the first sub-system the section crosses two planes of invariant peritectic processes, L+γ⇔µ+α (950 K) and L+α⇔µ+α' (935 K). The volumes of the secondary crystallization of the binary eutectic L⇔α+γ and the binary peritectic L+γ⇔µ converge at the first peritectic plane. The volume of co-existence of the three phases L+µ+α descends to the plane of the peritectic process L+α⇔µ+α' (935 K). In addition to the lines bс and de that belong to the invariant planes, the solidus is represented by the curves аb, cd, ef of completion of the crystallization of the binary eutectics L⇔µ+α', L⇔µ+α, L⇔γ+α, by the curve of completion of the crystallization of the binary peritectic L+γ⇔ε, and by the curve fg that limits the region of existence of the γ-solid solution. The invariant eutectoid processes α⇔α'+µ+γ and α⇔α'+ε+γ take place at 885 K in the Ag 2 Se-CdSe-AgInSe 2 sub-system and at 890 K in the AgInSe 2 -CdSe-In 2 Se 3 sub-system, respectively. The alloys are three-phase below the listed temperatures. 
The vertical section AgInSe 2 -CdIn 2 Se 4
The section crosses the fields of primary crystallization of the α-and γ-solid solutions of the HT modifications of AgInSe 2 and CdSe (Fig. 5) . It crosses the plane of the invariant peritectic process L+γ⇔α+ε at 1010 K. The connecting horizontal line of the plane does not coincide with the section but is shifted to In 2 Se 3 , therefore the alloys are three-phase (ε+α+γ) below 1010 K. The volumes of the monovariant eutectic (L⇔α+γ) and peritectic (L+γ⇔ε) processes converge at the peritectic plane. The section solidus is represented by the curves аb (completion of the crystallization of the α-solid solution), bс (completion of the monovariant eutectic process L⇔α+γ), de (completion of the monovariant peritectic process L+γ⇔ε), ef (completion of the crystallization of the ε-solid solution), and the line cd that lies in the plane of the invariant peritectic process at 1010 K. In the sub-solidus region, the section crosses at 890 K the plane of the invariant eutectoid process α⇔α'+ε+γ. The alloys are three-phase (α'+ε+γ) below this temperature. This region borders on two two-phase regions, α'+ε and α'+γ. 
The vertical section AgInSe 2 -CdIn 6 Se 10
The phase diagram of the AgInSe 2 -CdIn 6 Se 10 section is presented in Fig. 6 . Its liquidus corresponds to the beginning of the primary crystallization of the α-and 
The vertical section AgIn 5 Se 8 -CdIn 6 Se 10
This vertical section ( Table 1 .
In the Ag 2 Se-CdSe-AgInSe 2 sub-system, two ternary invariant peritectic processes take place, each of which corresponds to a plane. The peritectic reaction L P1 +γ⇔µ+α (950 K) takes place in the plane P 1 -γ-µ-α. The line Ag 2 Se (µ) -AgInSe 2 (α) splits this plane into two triangles with different nature of crystallization. The amount of liquid in the µ-γ-α triangle is insufficient for the completion of the peritectic process, therefore the crystals of all three phases are present in the alloys below the peritectic plane. The excess of liquid in the µ-Р 1 -α triangle leads to full consumption of the crystals of γ-solid solution, and the crystallization of the alloys ends in another peritectic process, L P2 +α⇔µ+α' (935 K). The temperature and composition of the invariant point Р 2 were refined by an additional investigation of alloys with a CdSe concentration of 2 mol.%. The character of the crystallization in the peritectic quadrangle Р 2 -µ-α-α' is analogous: the alloys of the α-µ-α' triangle crystallize as a combination of three phases, while the alloys of the Р 2 -µ-α' triangle end the crystallization in the monovariant eutectic process L⇔µ+α' and are two-phase (µ, α') below the solidus surface.
Seven ternary invariant processes take place in the AgInSe 2 -CdSe-In 2 Se 3 sub-system, with a corresponding plane at a certain temperature. For instance, the peritectic process L P3 +γ⇔α+ε occurs in the Р 3 -α-γ-ε plane (1010 K). The line α-ε splits this plane into two triangles with different crystallization of the alloys. The peritectic process in the part γ-α-ε ends with an excess of crystals of γ-solid solution, therefore the alloys end their crystallization as threephase (γ+α+ε). The samples having their composition 
Conclusions
X-ray phase, differential thermal, and microstructure analysis and microhardness measurements were used to construct for the first time six vertical sections, the isothermal section of the Ag 2 Se-CdSe-In 2 Se 3 system at 820 K and the liquidus surface projection of the system onto the concentration triangle. The character of the monovariant processes and the temperatures of the invariant processes in the Ag 2 Se-CdSe-In 2 Se 3 system were determined. The existence of solid solutions of the binary compounds Ag 2 Se, CdSe, and In 2 Se 3 , and of the ternary compounds AgInSe 2 , AgIn 5 Se 8 , and CdIn 2 Se 4 was established. The largest solid solutions belong to CdSe (γ-solid solution) and CdIn 2 Se 4 (ε-solid solution). The µ-solid solution of the HT modification of Ag 2 Se has practically no extent into the concentration triangle. All the solid solution regions are stretched along the direction of the CdSe concentration change, therefore they can be regarded as solid solutions of the heterovalent substitution Ag+In for 2Cd with the same number of atoms per unit cell. Near the In 2 Se 3 -rich part of the concentration triangle, the regions of the solid solutions of the ternary compounds diminish (Fig. 1) . A quaternary phase was discovered in the In 2 Se 3 -rich part of the system. The compound forms in the peritectic reaction L+CdIn 6 Se 10 ⇔Ag 0.4 Cd 0.4 In 6.3 Se 10 (1055 K). Its crystal structure has not yet been determined.
